The effective method of ionic liquid-based aqueous two-phase extraction, which involves ionic liquid (IL) (1-butyl-3-methyllimidazolium chloride, [C 4 mim]Cl) and inorganic salt (K 2 HPO 4 ) coupled with highperformance liquid chromatography (HPLC), has been used to extract trace tilmicosin in real water samples which were passed through a 0.45 μm filter. The effects of the different types of salts, the concentration of K 2 HPO 4 and of ILs, the pH value and temperature of the systems on the extraction efficiencies have all been investigated. Under the optimum conditions, the average extraction efficiency is up to 95.8%. This method was feasible when applied to the analysis of tilmicosin in real water samples within the range 0.5-40 μg mL À1 . The limit of detection was found to be 0.05 μg mL À1 .
INTRODUCTION
Typical aqueous two-phase systems (ATPS) are formed by mixing aqueous solutions of two structurally different polymers (Schmidt et al. ) or by mixing one polymer and a kind of salt in water above a certain critical concentration (Li et al. ) . Compared to the traditional organic solvent extraction and solid-phase extraction (SPE), ATPS is a simple and environmentally friendly extraction system. ATPS has been successfully applied in separation, recovery and purification of many biological materials such as proteins, nucleic acids, human antibodies and antibiotics (Wasserscheid et In recent years, there has been increasing interest in using room-temperature ionic liquids (ILs) for chemical synthesis, biocatalytic transformation (Sheldon et al. ) , analytical and separation processes (Siddharth ; Pei et al. ) . As a potential replacement for volatile organic solvents, ILs have many 'green' characteristics such as large liquid range, high thermal and chemical stability and non-flammability under ambient conditions (Wasserscheid & Keim ) .
Therapeutic use of antimicrobial drugs is essential for maintaining animal health. Diseases in animals are often treated not by administration of the drug in a conventional unit dosage, but by addition of the drug to animal feed (Grande et al. ; Fernandez-González et al. ) . The incorrect use of antibiotics can leave residues in the aqueous environments and this can have undesirable effects on consumer health (Berrada et al. ) . The development of simple and environmentally friendly pretreatment methods is therefore of great value. Currently used methods for sample pretreatment include liquid-liquid extraction (LLE) and SPE (de Zayas-Blanco et al. ). However, LLE usually requires some poisonous volatile organic solvents. Although SPE is a method with good purification and concentration results, the pretreatment processes are relatively time-consuming.
The pioneering method of ionic liquid-based aqueous two-phase extraction (ILATPE) systems, consisting of ILs and salts, was first reported by Gutowski et al. () . ILATPE has many advantages shared by ILs and ATPSs such as low viscosity, quick phase separation, no need for the use of volatile organic solvent, little emulsion formation, high extraction efficiency and little effect on the environment. The extraction system has successfully extracted and separated opium alkaloids (Li et al. ) , proteins (Deng & Guo ) and antibiotics (Soto et al. ; Liu et al. ; Li et al. ) . Until now, there has been no report on the separation and extraction of tilmicosin using ILATPE.
Tilmicosin 20-deoxo-20-(3,5-dimethyl-1-piperidinyl) desmycosin is a semi-synthetic macrolide antibiotic synthesized by a chemical modification of a tylosin-related compound. The structure of tilmicosin is shown in Figure 1 . As an effective antibiotic, tilmicosin has been approved to control the causal agents of respiratory diseases such as Gram-positive bacteria, mycoplasma and some Gram-negative bacteria in farm animals (Shryock et al. ) . Tilmicosin is forbidden for use as feed additive in China. To detect the illegal presence of the drug in feed and for food safety concerns, simple and reliable pretreatment and analytical methods are applied for the determination of tilmicosin residues in aqueous environments.
In this paper, an ILATPE based on 1-n-butyl-3-methylimidazolium chloride ([C 4 mim]Cl) and K 2 HPO 4 is used to effectively extract and determine the trace tilmicosin in real water samples using high-performance liquid chromatography (HPLC). The factors affecting the extraction efficiency of tilmicosin, such as the types of salts, pH value of aqueous phase, concentrations of K 2 HPO 4 and [C 4 mim] Cl, as well as the extracting temperature, are discussed in detail. Under the optimum conditions, it could be applied to extract and separate tilmicosin in real water samples.
METHODS Reagents
A sample of the standard drug tilmicosin was obtained from the Chinese National Institute for the Control of Pharmaceutical and Biological Products (Beijing, China). [C 4 mim]Cl was purchased from Chengjie Chemical Co., Ltd (Shanghai, China) with a quoted purity of >0.99 mass fraction and was used without further purification. Acetonitrile of HPLC grade, tetrahydrofuran and butylamine was from Sinopharm Chemical Reagent Co., Ltd (Shanghai, China). All chemicals were of analytical grade, and all the solutions were prepared from deionized water. The individual stock solution was stored at 4 W C in a refrigerator. Working standard solutions of tilmicosin were prepared by appropriate dilution of stock solution using deionized water.
Apparatus
A high-performance liquid chromatograph (Shimadzu) equipped with a diode-array detector was used for qualitative and quantitative analysis of the extraction product. The instrument control and data processing were carried out using the software Class-VP. An UV-2410PC spectrophotometer (Shimadzu, Japan) was used for the absorbance measurements.
Preparation of real water samples
Real water samples were collected in 250 mL amber glass bottles, which included tap water and samples from Yangzijiang and Yudai rivers, Zhenjiang, China. The supernatant was collected after all samples were centrifuged at 3,000 rpm for 20 min. The tilmicosin working solution was then added and passed through a 0.45 μm filter and stored at 4 W C in a refrigerator.
General extraction procedure
Particular quantities of tilmicosin solution, [C 4 mim]Cl, and K 2 HPO 4 ·3H 2 O were added to a centrifugal tube (10.0 mL) one by one. The contents were diluted with water and mixed thoroughly by stirring for 5 min. Low-speed centrifugation (1,000 rpm) was employed after mixing the system components to speed up the phase separation. After the mixture was stood for 10 min, the two phases were formed clearly. After the phase separation, the tilmicosin was transferred into the top ([C 4 mim]Cl-rich) phase, while the majority of the other components remained in the lower phase.
Determination of tilmicosin concentration
The tilmicosin in the top phase and in the aqueous phase was determined by HPLC after extraction. In the HPLC analysis, a column of Hypersil ODS (100 × 4.6 mm, 3 μm according to Little Analytical Instruments Co., Ltd, Dalian) was employed for the determination of the tilmicosin in the top phase. The mobile phase consisted of water, acetonitrile, tetrahydrofuran and butylamine phosphate buffer solution (pH 2.6) with the volume ratio of 790/130/55/25 at the flow rate of 0.6 mL min À1 . The injected volume was 20 μL. The UV detection wavelength was 220 nm and the column temperature was 30 W C.
Partition coefficient K of the tilmicosin between the phases were calculated via:
where C t and C b are the equilibrium concentrations of the partitioned tilmicosin in the IL-rich top phase and the phosphate-rich bottom phase, respectively. Phase volume ratio R is defined as the volume ratio of the top phase to the bottom phase, i.e.
where V t and V b are the volume of the top and bottom phases, respectively. Extraction efficiency E of the tilmicosin is calculated:
where M s is the added amount of tilmicosin.
RESULTS AND DISCUSSION
The effect of salts on phase separation . K 2 HPO 4 was chosen in this study because it led to effective phase isolation. Another important reason was that, compared to other phase-forming salts, K 2 HPO 4 yielded the appropriate pH to extract the tilmicosin.
Effect of K 2 HPO 4 concentration
In the present case, the formation of ILATPE may be considered to be a competition between the inorganic salt and the hydrophilic IL for the water molecules. Gutowski et al. () noted that the salting-out effect of the inorganic salt resulted in the formation of ATPS. K 2 HPO 4 is known to be a strong salting-out organic salt; it will allow the extraction of tilmicosin within an IL-rich phase. Concentrations of K 2 HPO 4 in the range 42.5-60% were investigated for their effect on the formation of IL ATPS. The results are illustrated in Figure 2 . It is clear that the extraction efficiency increased with increasing K 2 HPO 4 concentration up to a certain concentration; extraction efficiency decreased beyond this concentration. The concentration of K 2 HPO 4 used in the [C 4 mim]Cl-K 2 HPO 4 ATPS in our experiment was therefore set at 50%.
Effect of pH
Experiments were performed while varying the pH value from 7.00 to 11.00 by adding Britton-Robinson solution.
The results are illustrated in Figure 3 . According to the experimental results, crystallization occurs and two phases cannot be formed at a pH value below 7.0. By increasing the pH from 7.50 to 9.50, the extraction efficiency of tilmicosin varies significantly in the range 54.91-95.02%. For a pH value of 10.00, the extraction efficiency of tilmicosin demonstrated a maximum. For pH > 10.53, the system is a homogeneous phase and cannot be used for extraction. A pH value of approximately 10.0 is therefore selected as the optimal pH for ILATPE.
Effect of extraction temperature
The extraction efficiency of tilmicosin was investigated within the temperature range 298.15-338.15 K. For T < 318.15 K the overall extraction efficiency remains at a level of 90%; in others words, the level of temperature had little influence on the distribution behavior of tilmicosin. However, the capability of phase separation of ILATPE decreased with increasing temperature (Li et al. ) . When the temperature exceeded 318.15 K, the phase separation was difficult and tilmicosin began to decompose under these circumstances. The following studies were carried out at room temperature (about 298.15 K). Table 1 lists the results of the effect of initial volume of [C 4 mim]Cl on extraction efficiency. When the amount of [C 4 mim]Cl was less than 1 mL, the volume was too little to extract after separation. When 1.5 mL [C 4 mim]Cl was added, the phenomenon of separation was obvious and extraction efficiency was greater, while the partition coefficient K increased greatly. When the amount of [C 4 mim]Cl was more than 1.5 mL, the increase of recovered volume was not significant. Generally, both high extraction efficiency and suitable enrichment factor are crucial for the concentration of trace component. Considering these two aspects, an initial volume of 1.5 mL [C 4 mim]Cl was used in this experiment.
Effect of amount of ionic liquid

Effect of coexisting substances
Different coexisting substances were added to tilmicosin solutions, such as 100 times NO 3 À , Cl À , Br À , CO 3 2À , HCO 3 À , SO 4 2À , Na þ , K þ , Zn 2þ , Fe 3þ , Al 3þ , Mg 2þ , Ca 2þ ,Cu 2þ , Pb 2þ ; 500 times glucose, starch and fructose; 200 times magnesium stearate; and so on. Tilmicosin solutions were determined according to the experimental method under the optimal experimental conditions. Results indicated that the existence of coexisting substances did not influence extraction efficiency.
METHOD VALIDATION
The standard curve was obtained by adding standard tilmicosin at six different concentrations within the range 0.5-40 μg mL À1 . The obtained linear regression equations and correlation coefficients (R) for tilmicosin were A ¼ 44,764C þ 1,744.2 (R ¼ 0.9999), where A is peak area values (cis-tilmicosin þ trans-tilmicosin) and C is the concentration of tilmicosin in units of μg mL À1 . The precision of this method was determined by performing the extraction and analysis of a 20 μg mL À1 standard solution of tilmicosin five times; the relative standard deviation (RSD) was found to be 1.8%. The limit of detection (LOD) was obtained from the signal-to-noise ratio (S/N). In this work, the baseline noise was measured from a chromatogram of a blank sample solution. The LOD (S/N ¼ 3) obtained was 0.05 μg mL À1 . 
Determination of tilmicosin in real water sample
To demonstrate the applicability of the method, the developed method was applied to the determination of the tilmicosin in real water samples. Before the tilmicosin was added, no contamination of tilmicosin residues at detectable levels was found in the water samples. According to the experimental method, the concentrations of tilmicosin in the solution after adding the standard solution were determined under optimized conditions. Average recovery and RSD (n ¼ 5) were calculated. The results are shown in Table 2 and Figures 4-6. As shown in Table 2 , the recoveries were determined from spiked 1-20 μg mL À1 tilmicosin. The recovery of tilmicosin was 92.0-99.0% with a RSD of 0.97-1.67%, showing that the present extraction method gives a satisfactory reproducibility and recovery for the determination of tilmicosin in a wide range of concentrations. The present method can be satisfactorily applied for the quantitative determination of tilmicosin in real water samples.
CONCLUSIONS
ILATPE has demonstrated many advantages over IL and aqueous two-phase extraction. This study demonstrates that ILATPE utilizing [C 4 mim]Cl and K 2 HPO 4 is an excellent method for extraction of tilmicosin from real water samples within the range 0.5-40 μg mL À1 . Extraction efficiency of tilmicosin from real water samples is shown to be 92.0-99.0%. The proposed method for the separation and enrichment of hydrophobic antibiotics in aqueous samples has proven to be simple, highly efficient, fast and non-toxic. This method may also have application in the 
